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ABSTRACT 

EXTERNAL  ENVIRONMENTAL  FACTORS  AND 
HOST-PARASITE  RELATIONSHIPS 

EFFECT  OF  ARTIFICIAL  ACCLIMATIZATION  TO  HEAT  ON  THE 
NASAL  CARRIAGE  OF  STAPHYLOCOCCI 

OBJECT 

To  determine  the  role  of  external  environmental  factors  in  the 
establishment  and  fnaintenance  of  the  staphylococcal  nasal  carrier 
State  in  personnel  not  associated  with  hospitals. 

RESULTS 

Artificial  acclimatisation  to  heat  of  a  group  of  soldiers  produced 
significant  changes  in  the  composition  ol  the  nasal  flora  characterized 
by  an  increased  recover/  of  pathogenic  and  potential  pathogenic  r trains 
of  staphylococci.  The  number  of  carriers  of  these  types  of  staphylococci 
increased  significantly  in  the  group  of  soldiers  undergoing  artificial  ac¬ 
climatization  to  heat.  A  simi’ar  group  of  soldiers  serving  as  controls 
experienced  no  comparable  changes  in  the  carrier  rtate. 

CONCLUSIONS 

The  results  of  this  study  suggested  that  external  environmental 
factors,  specifically  ambient  temperature  and  relative  humidity,  in¬ 
fluenced  the  establishment  and  maintenance  of  the  staphylococcal  nasal 
carrier  state  in  humans. 

RECOMMENDATIONS 

A  similar  study  should  be  made  on  a  group  of  soldiers  undergoing 
artificial  acclimatization  to  cold.  Attempts  should  be  made  to  relate 
the  changes  observed  in  the  nasal  carrier  state  with  changes  in  the 
types  of  staphylococci  carried  on  the  skin. 
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EXTERNAL  ENVIRONMENTAL  FACTORS  AND 
HOST-PARASITE  RELATIONSHIPS 

EFFECT  OF  ARTIFICIAL  ACCLIMATIZATION  TO  HEAT  ON  THE 
NASAL  CARRIAGE  OF  STAPHYLOCOCCI 

L  INTRODUCTION 

The  role  of  nasal  carriers  in  the  dissemination  of  staphylococcal 
disease  among  patients  and  staff  personnel  has  been  studied  extensively 
within  the  semi-closed  environment  cf  hospitals  (1-3).  Although  much 
valuable  epidemiological  information  has  been  derived  from  such  in¬ 
vestigations  of  the  carrier  problem,  little  precise  information  is  avail¬ 
able  concerning  the  factors  which  influence  the  establishment  and  main¬ 
tenance  of  the  staphylococcal  nasal  carrier  state  in  non-hospital  popu¬ 
lations. 

Basically,  the  nasal  carriage  of  staphylococci  may  be  considered 
as  a  special  and  often  extended  phase  of  the  classical  relationships  ex¬ 
isting  between  host  and  microbe  preceding  overt  disease.  It  has  been 
repeatedly  shown  that  nasal  colonisation  precedes  staphylococcal  in¬ 
fection  among  hospital  patients  and  that  such  carriers  represent  a 
threat  to  themselves  as  well  as  to  other  patients  (4-6).  In  the  case  of 
staphylococcal  nasal  carriage,  however,  the  classical  concept  of  the 
host-parasite  relationship  suffers  from  our  lack  of  adequate  methods 
for  the  estimation  of  the  virulence  of  different  strains  of  staphylococci 
and  the  degree  of  resistance  of  the  host  to  infection  by  these  organisms. 
Anima.  experiments  designed  to  measure  these  variables  in  the  host- 
parasite  equation  have  often  proven  unreliable  and,  in  some  cases,  mis¬ 
leading  (7). 

Reports  in  the  literature  have  tended  to  minimire  or  discount 
completely  the  role  of  external  environmental  factors  in  the  establish¬ 
ment  and  maintenance  of  the  staphylococcal  nasal  carrier  state  (8-10) 
although  correlations  have  been  established  between  external  environ¬ 
mental  factors  and  the  incidence  of  some  viral  diseases  of  humans  (11). 
Changes  in  temperature  and  relative  humidity  have  also  been  shown  to 
produce  local  alterations  in  the  normal  nasal  microflora  of  mice  (12). 

The  role  of  external  environmental  factors  in  host-parasite  rela¬ 
tionships  is  difficult  to  assess  and  the  correlation  cf  changes  of  such 
factors  with  alterations  in  the  characteristics  of  the  carrier  state  does 
not  necessarily  establish  a  cause  and  effect  relationship.  However,  be¬ 
cause  of  the  delicate  nature  of  balance  between  opposing  forces  of  host 
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and  mi<. robe  immediately  prior  to  the  appearance  of  overt  diaaaae,  it  ia 
difficult  to  understand  how  the  outcome  of  these  interactions  could  be 
completely  independent  of  the  influence  of  external  environmental  factors. 
This  is  especially  true  when  such  factors  are  known  to  produce  physiolog¬ 
ical  changes  in  the  host  associated  with  the  stress  phenomenon. 

This  study  was  undertaken  to  determine  the  influence  of  two  ex¬ 
ternal  environmental  factors,  ambient  temperature  and  relative  humidity, 
on  the  type  of  staphylococci  carried  by  soldiers  and  on  the  duration  of 
the  carrier  state.  The  changes  occurring  in  the  carrier  state  of  non¬ 
hospital  personnel  undergoing  chronic  exposure  to  heat  are  presented 
and  discussed. 

II.  MATERIALS  AND  METHODS 

Experimental  subjects.  The  experimental  subjects  were  regular 
US  Army  paratroopers  from  the  2d  Platoon,  Company  E,  503d  Airborne 
Battle  Group,  82d  Airborne  Division,  stationed  at  Fort  Bragg,  North 
Carolina.  Forty- one  volunteers  from  this  unit  were  selected  and  flown 
to  Fort  Knox  to  take  part  in  a  study  of  artificial  acclimatisation  to  heat 
prior  to  their  scheduled  participation  in  OPERATION  SOLIDARITY  in 
the  Canal  Zone  during  February  and  March  of  1951.  The  subjects 
ranged  in  age  from  1 8  to  34  years,  with  the  average  age  being  22  years. 
Soldiers  with  records  of  hospitalisation  within  the  six  month  period 
prior  to  the  study  w  sre  not  accepted  as  experimental  subjects.  Upon 
their  arrival  at  Fort  Knox  the  soldiers  were  divided  into  two  groups. 
Nineteen  enlisted  men  were  placed  under  the  supervision  of  a  non¬ 
commissioned  officer  and  designated  as  a  control  group.  The  remain¬ 
ing  20  men  and  the  officer  in  charge  were  placed  ia  groups  to  be  artifical- 
ly  acclimatised  to  heat. 

The  initial  laboratory  phase  of  the  study  began  on  23  January  and 
continued  until  the  departure  of  the  soldiers  for  the  Canal  Zone  on 
17  February  1951.  Participation  in  OPERATION  SOLIDARITY  by  the 
soldiers  covered  the  period  fmm  20  February  through  10  March  1961. 

The  second  phase  of  the  laboratory  study  was  conducted  during  the 
period  from  13  March  through  13  March  1961. 

Collection  of  control  data.  Control  data  concerning  the  distri¬ 
bution  and  types  of  staphylococci  being  carried  by  the  experimental 
subjects  were  collected  during  a  three  day  preliminary  control  period 
(table  1).  Both  groups  of  soldiers  were  exposed  to  a  strenuous  exercise 
regime  in  the  climatic  chambers  at  an  ambient  temperature  of  65*Fwith 


46  per  cent  relative  humidity.  Only  cotton  shorts  and  combat  boots 
were  worn  during  the  preliminary  control  period.  Essentially,  the  ex- 
i  ercise  regime  consisted  of  walking  14  miles  daily  at  a  rate  of  2. 2  miles 

per  hour.  Appropriate  physiological  measurements  designed  to  deter¬ 
mine  the  status  of  the  groups  with  regard  to  previous  thermal  experience 
were  taken  at  30  minute  intervals.  Pulse  rate  and  rectal  temperature 
were  recorded  for  each  member  of  the  control  and  experimental  groups. 

Acclimatization  procedure.  Following  the  completion  of  the  col¬ 
lection  of  preliminary  control  data,  the  experimental  group  was  moved 
into  a  climatic  chamber  with  an  ambient  temperature  of  105*F  with  S6 
per  cent  relative  humidity  (table  1)  for  three  days.  The  exercise  pro¬ 
gram  in  the  heat  was  identical  to  that  followed  during  the  collection  of 
preliminary  control  data.  Exposure  to  105*F  was  followed  by  succes¬ 
sive  three  day  exposures  to  ambient  temperatures  of  110*F,  1 1 5*F, 
and  120*F  with  relative  humidity  values  of  46,  37,  and  31  per  cent, 
respectively  (table  1). 

While  the  experimental  group  was  undergoing  acclimatization, 
members  of  the  control  group  followed  the  standard  exercise  regime 
in  a  climatic  chamber  with  a  constant  ambient  temperature  of  6S*F  and 
46  per  cent  relative  humidity. 

Standard  stress  tests.  The  progress  of  the  experimental  group 
was  assessed  periodically  by  a  standard  stress  test  conducted  in  a 
climatic  chamber  with  an  ambient  temperature  of  110*F  and  46  per  cent 
relative  humidity  (table  1).  Members  of  the  control  group  were  also 
subjected  to  the  stress  tests  to  evaluate  their  performance  under  elevated 
environmental  temperature.  The  stress  test  involved  walking  on  a  tread¬ 
mill  traveling  at  3.  3  miles  per  hour.  During  the  tests  physiological 
measurements  were  recorded  every  15  minutes.  Approximately  2.8 
miles  were  walked  by  each  soldier  during  the  48  minutes  spent  on  the 
treadmill. 

The  brief  exposures  (table  1)  of  members  of  the  control  group  to 
heat  during  the  stress  tests  represented  the  only  important  thermal  ex¬ 
periences  encountered  during  the  initial  laboratory  phase  of  the  study. 
These  experiences  were  not  of  sufficient  duration  to  produce  a  significant 
degree  of  acclimatization  based  on  physiological  measurements  and  per¬ 
formance  tests. 

Collection  of  nasal  cultures.  During  the  preliminary  control 
period  nasal  cultures  were  collected  from  each  subject  in  the  control 
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and  experimental  groups  immediately  prior  to  entering  and  on  leaving 
the  climatic  chamber.  Cultures  were  taken  from  members  of  each 
group  at  the  end  of  each  succeeding  exposure  period  (table  1).  Deter¬ 
minations  of  qualitative  changes  in  the  types  of  staphylococci  composing 
the  nasal  flora  were  based  on  the  examination  of  the  pooled  cultures 
from  each  group  after  each  exposure  period.  Changes  in  the  carrier 
state  of  individuals  within  each  group  were  determined  by  examination 
of  all  cultures  collected  from  each  subject  during  the  exposure  period. 
Results  for  each  exposure  were  plotted  at  th>r  midpoint  of  the  period. 
Cultures  collected  during  the  standardised  stress  test  were  not  included 
in  the  results. 

Nasal  cultures.  Approximately  1, 100  nasal  cultures  were  collected 
from  the  members  of  the  control  and  experimental  group  during  the  study 
Sterile  cotton  swabs  moistened  in  sterile  water,  were  used  to  collect  the 
primary  cultures.  The  swabs  were  inserted  1  to  2  cm  into  the  vestibule 
and  rotated  against  the  septum  end  the  alae  nasi.  The  swabs  were  with¬ 
drawn  and  streaked  immediately  onto  the  surfaces  of  petri  dishes  con¬ 
taining  mannitol- salt  agar  (Difco)  and  Staphylococcus  Medium  No.  110 
(Difco)  fortified  with  1  per  cent  non-fat  milk  solids.  The  milk  solids 
were  added  to  enhance  pigment  production  during  initial  isolation.  The 
plates  were  incubated  at  37*C  for  18  hours  and  then  permitted  to  stand 
at  rcom  temperature  for  24  hours  to  further  enhance  pigment  production. 
Colonies  producing  orange  or  yellow  pigment  and  fermenting  mannitol 
were  picked  from  the  plates  and  transferred  to  culture  tubes  containing 
trypticase  soy  broth.  These  broth  cultures  were  incubated  at  37*C  for 
24  hours  and  morphology  was  checked  by  gram  staining. 

Coagulase  production  by  pigmented  mannitol-positive  strains  of 
staphylococci  was  determined  by  the  slide  technique.  When  the  results 
of  the  slide  test  were  equivocal  a  microcapillary  tube  test  was  perform¬ 
ed  (13).  All  strains  that  coagulated  plasma  within  15  seconds  by  the 
slide  technique  or  within  Id  hours  by  the  microcapillary  tube  method 
were  classified  as  coagulase-positive  reactor*.  Strains  producing 
coagulase  were  transferred  to  trypticase  soy  agar  slants  for  storage 
at  -10*C. 

Types  of  nasal  carriers.  For  the  purpose  of  this  study  an  occa¬ 
sional  nasal  carrier  was  defined  as  any  individual  who  gave  only  one 
coagulase-positive  culture  per  experimental  exposure.  Individuals  who 
had  a  series  of  coagulase-positive  cultures  followed  by  a  coagulase- 
negative  culture  or  vice  versa  were  classified  ae  intermittent  carriers. 

A  persistent  carrier  was  defined  as  any  individual  who  had  coagulase- 
positive  strains  in  every  culture  taken  throughout  the  entire  study. 


Airborne  contamination.  Airborne  contamination  in  the  climatic 
chambers  was  estimated  by  tbs  particle  fall-out  method.  The  method 
is  based  on  the  fall-out  rc.te  of  staphylococcal-carrying  particles  onto 
the  surfaces  of  petri  places  containing  mannitol- salt  agar.  The  number' 
of  staphylococcal-carrying  particles  settling  out  of  the  air  in  one  min¬ 
ute  represents  approximately  1/12  of  the  number  of  such  particles  per 
cubic  fcot  of  air  above  the  plate  (9).  Counts  obtained  from  fall-out 
plates  are  not  absolute  values.  They  are,  however,  satisfactory  for 
comparing  changes  in  the  airborne  contamination  of  rooms  under  similar 
flow  conditions  (table  2). 

Statistical  analyses.  The  chi- square  test  was  used  for  comparing 
experiments?  results  with  those  obtained  during  the  preliminary  control 
period.  Differences  were  considered  significant  only  when  the  chi- 
square  test  yielded  P  <  0.  02.  In  one  instance  (fig.  5)  the  means  of  re¬ 
covery  rates  for  coagulasc-positive  strains  of  staphylococci  from  pig¬ 
mented,  mannitol-positive  isolates  were  compared  for  significance  by 
the*  Student  "t"  test. 

III.  RESULTS 

Recovery  of  pigmented,  mannitol-positive  strains.  The  recovery 
of  pigmented,  mannitol-positive  strains  of  staphylococci,  expressed  as 
a  recovery  factor  (RF),  from  the  primary  nasal  cultures  is  presented 
in  figure  1.  There  was  no  significant  difference  between  the  RF’s  of 
the  control  and  experimental  groups  duringjhe  study.  Within  both  the 
control  and  experimental  groups  there  were  significant  increases  in  the 

recovery  of  pigmented,  mannitol-positive  strains,  ^allowing  the  rerun, 
of  the  soldiers  from  the  Canal  Zone  there  was  a  slight,  but  insignificant, 
decrease  in  the  recovery  of  pigmented,  mannitol-positive  strains  from 
the  nasal  cultures  of  member*  of  both  the  control  and  experimental 
groups. 

In  the  control  group  the  distribution  of  pigmented,  mannitol¬ 
positive  strains  in  the  primary  nasal  cultures  increased  significantly 
during  the  initial  laboratory  phase  of  the  study  (fig.  2).  A  similar  in¬ 
crease  in  the  distribution  of  these  strains  was  also  observed  in  the  ex¬ 
perimental  group  (fig.  3).  Tn  both  groups  the  increased  distribution  of 
pigmented,  mannitol-positive  strains  isolated  from  primary  nasal 
cultures  was  accompanied  by  a  simultaneous  decreased  distribution  of 
non-pigmented,  mannitol-negative  strain*. 

Recovery  of  coagulasc-positive  strains.  The  recovery  of  coagulase- 
positive  strains  of  staphylococci  from  pigmented,  mannitol-positive 


primary  isolates  is  shown  in  figure  4.  In  the  control  group  the  distri¬ 
bution  of  coagulase-positive  strains  among  the  pigmented,  mannitol¬ 
positive  isolates  did  not  become  significantly  different  from  the  distri¬ 
bution  observed  during  the  preliminary  control  period.  Throughout  the 
entire  study,  however,  the  distribution  of  coagulase-positive  strains 
tended  to  increase. 

In  the  experimental  group  the  distribution  of  c.oagulafse -positive 
strains  among  the  pigmented,  mannitol-positive  primary  isolates  be¬ 
came  significantly  different  (x^  -  5.76,  df  -  1,  P  >  0.02)  from  the 
distribution  observed  during  the  preliminary  control  period  following 
exposure  of  the  group  to  an  ambient  temperature  of  ll5‘,f‘  With  37  per 
cent  relative  humidity  (fig.  4).  Following  exposure  of  the  experimental 
group  to  an  ambient  temperature  of  120*F  with  31  per  .cent  relative 
humidity  the  increased  distribution  of  coagulase  positive  strains  became 
highly  significant  (x^  =  11.  57,  df  -  1,  P  >  0.  01). 

After  the  return  of  the  soldiers  from  the  Canal  Zone  and  subse-  . 
quent  exposure  to  an  ambient  temperature  of  110*F  with  46  per  cent 
relative  humidity  cultures  from  the  control  showed  a  slightly  increased 
number  of  coagulase-positive  strains  (fig.  4).  Cultures  from  the  ac¬ 
climatized  group  yielded  significantly  fewer  strains  of  this  type. 

Effects  of  temperature  and  humidity.  The  recovery  of  coagulase- 
positive  strains  of  staphylococci  from  pigmented,  mannitol-positive 
isolates  in  relation  to  changes  in  ambient  temperature  and  relative 
humidity  is  shown  in  figure  5.  In  the  control  group  the  recovery  of 
ccagulase-positive  strains  did  not  change  significantly  during  the  study. 
In  the  experimental  group,  however,  the  recovery  of  coagulase-positive 
strains  increased  significantly  (t  =  2.69,  df  =  12,  P  >  0.  02)  during  the 
initial  laboratory  phase  of  acclimatization.  There  was  a  substantial 
degree  of  positive  correlation  (r  =  0.  70)  between  the  increased  re¬ 
covery  of  coagulase-positive  strains  and  the  increased  ambient  temper¬ 
atures  to  which  the  experimental  group  was  exposed.  A  substantial 
degree  of  negative  correlation  (r  =  0.61)  was  also  observed  between 
the  recovery  of  coagulase-positive  strains  and  relative  humidity. 

Nasal  carriage  of  staphylococci.  Changes  in  the  number  of  nasal 
carriers  within  the  control  and  experimental  groups  are  shown  in  figure 
6.  In  the  control  group  the  number  of  all  types  of  staphylococcal  car¬ 
riers  increased  to  35  per  cent  following  the  first  and  second  exposure 
periods.  Following  the  third  and  fourth  expos ur  is  of  the  control  group 
there  was  a  decrease  in  the  number  of  all  types  of  carriers  to  25  per 
cent  at  the  end  of  the  initial  laboratory  phase  of  the  study. 


6 


In  the  experimental  group  the  number  of  all  type*  of  staphylo¬ 
coccal  carriers  decreased  from  29  to  25  per  cent  following  the  exposure 
to  an  ambient  temperature  of  105*F  with  56  per  cent  relative  humidity. 
Following  exposure  to  ambient  temperatures  of  110*F  and  115*F(  the 
number  of  all  types  of  staphylococcal  carriers  increased  to  67  per  cent 
and  remained  at  that  figure  during  the  rest  of  the  initial  laboratory 
phase  of  the  study. 

Following  the  return  of  the  soldiers  fro-.n  the  Canal  Zone  and  sub¬ 
sequent  exposure  to  an  ambient  temperature  of  110*F  with  46  per  cent 
relative  humidity  there  was  a  17  per  cent  increase  in  the  umber  of  all 
types  of  staphylococcal  carriers  to  42  per  cent  in  the  control  group.  The 
number  of  all  type*  cf  staphylococcal  carriers  decreased  fiom  07  to  35 
per  cent  during  the  corresponding  period. 

Persistent  carriers.  The  number  of  persistent  carriers  of 
coagulase-p'ositive  strains  of  staphylococci  in  the  control  group  increas¬ 
ed  from  10  to  20  per  cent  during  the  initial  laboratory  phase  of  the  study. 
In  the  experimental  group  du.  i»g  the  same  period,  the  number  of  per¬ 
sistent  carriers  increased  fro  *  9.  5  to  48  per  cent. 

Upon  return  of  the  soldiers  from  the  Canal  Zone  and  exposure  to 
an  ambient  temperature  of  110*F  with  46  per  cent  relative  humidity  the 
number  of  persistent  carriers  in  the  control  group  increased  17  per  cent 
to  37  per  cent  of  the  group.  In  the  acclimatised  group  during  the  second 
phase  of  the  laboratory  study  the  number  rf  persistent  carriers  decreas¬ 
ed  from  48  to  25  per  cent. 

Air  contamination.  Estimations  of  airborne  staphylococcal  con¬ 
tamination  in  the  control  a%d  heat  chambers,  based  On  calculations 
from  fall-out  counts,  indicated  that  the  rooms  were  comparable  in  this 
regard.  Both  chambers  received  filtered  outside  air  at  an  exchange 
rate  of  1000  cubic  feet  per  minute.  This  exchange  rate  produced  a  rapid 
removal  of  particles  and  resulted  in  a  stabilised  fall-out  rate  shortly 
after  the  exposure  periods  were  started  (table  2). 

IV.  DISCUSSION 


The  effect  of  stressful  climatic  environments  on  resistance  to  in¬ 
fection  is  of  particular  importance  to  the  Army  as  modern  soldiers  are 
rapidly  deployed  from  temperate  climates  into  potentially  hostile  en¬ 
vironments  ranging  from  tropical  jungles  to  Arctic  wastelands  (15). 
Thus,  the  primary  interest  of  the  Army  in  the  staphyloccccal  carrier 
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state  lies  in  its  potential  relation  to  wound  infection,  especially  by 
microorganisms  carried  on  the  soldier  himself. 

The  most  common  pathogen  recovered  from  war  wounds  in  all 
theaters  of  operations  during  World  War  II  was  Staphylococcus  aureus 
(16-18)  and  it  is  how  apparent  that  self-infection  of  wounds  by  strains 
of  staphylococci  present  on  the  skin  of  victims,  as  well  as  cross- 
infection,  played  a  major  role  in  wound  sepsis.  Several  reports  in 
the  recent  literature  support  the  concept  that  nasal  and  skin  carriers  of 
staphylococci  are  usually  the  sources  of  their  own  infections  (6, 10,  19- 
22). 

Despite  the  recognized  importance  of  carriers  in  the  dissemination 
of  staphylococcal  disease,  very  little  precise  information  is  available 
concerning  the  factors  involved  in  the  establishment  of  the  staphylococcal 
nasal  carrier  state.  It  is  difficult  to  understand  how  some  persons  can 
resist  colonization  indefinitely,  even  in  the  presence  of  heavy  contamina¬ 
tion,  while  others  rapidly  become  colonized.  Factors  inherent  in  the 
biology  of  the  host  and  microbe,  as  influenced  by  the  environment,  un¬ 
doubtedly  determine  whether  staphylococci  can  live  and  multiply  on  the 
nasal  membranes. 

With  regard  to  the  microbe,  there  appears  to  be  differences  in  the 
ability  of  various  strains  of  staphylococci  to  colonise  the  nasal  mem¬ 
branes  (23-26)  as  well  as  in  the  cohesiveness  exhibited  by  various  types 
of  staphylococci  present  on  these  membranes  (I). 

In  the  case  of  the  host,  various  factors  have  been  suggested  as 
determinants  of  staphylococcal  nasal  colonization.  Among  the  factors 
suggested  have  been  anatomic  abnormalities  of  the  nasal  passages,  the 
presence  of  inhibitory  substances  in  the  nasal  secretions,  and  the  pres¬ 
ence  of  inhibitory  agents  produced  by  bacterial  commensals  of  the  nose. 

In  general,  however,  the  influence  of  external  environmental  factors 
has  been  ignored  in  studies  of  the  host-parasite  relationships  as  exem¬ 
plified  in  the  staphylococcal  nasal  carrier.  This  negligence  is  difficult 
to  comprehend  in  view  of  the  sensitivity  of  the  nasal  circulatory  system 
to  changes  in  temperature  and  relative  humidity  (27),  the  variations  oc¬ 
curring  in  secietions  of  mucous  membranes  during  changes  in  temper¬ 
ature  and  humidity  (14,  28),  and  effects  of  changes  In  temperature  and 
humidity  on  the  virulence  of  staphylococci  (29). 

This  study,  although  limited  in  range,  offers  a  promising  approach 
to  the  study  of  the  influence  of  external  environmental  factors  on  the 


establishment  and  maintenance  of  the  staphylococcal  nasal  carrier  state 
in  an  non-hospital  population.  All  of  the  recognised  variables  that  have 
complicated  previous  studies  of  the  carrier  state  conducted  within  the 
semi-closed  hospital  environment  were  controlled  within  acceptable 
limits.  Under  these  experimental  conditions,  it  has  been  shown  that 
two  external  environmental  factors,  namely  ambient  temperature  and 
relative  humidity,  influence  the  staphylococcal  nasal  carrier  state. 

From  the  standpoint  of  the  parasite  the  influence  of  increased 
ambient  temperatures  accompanied  by  reduced  relative  humidity  was 
expressed  by  changes  in  the  distribution  of  staphylococcal  biotypes 
within  the  nasal  flora.  There  were  significant  increases  in  the  distri¬ 
bution  of  strains  with  biochemical  properties  associated  with  virulence 
in  the  nasal  cultures  Of  soldiers  chronically  exposed  to  heat. 

In  the  case  of  the  host  the  influence  of  increased  ambient  temper¬ 
atures  with  decreased  relative  humidity  was  reflected  by  increases  in 
the  number  of  all  types  of  nasal  carriers  of  pathogenic  staphylococci 
biotypes. 

.  The  changes  in  the  carrier  state  of  members  of  the  acclimatised 
group'  could  be  correlated  with  changes  in  temperature  and  relative 
humidity.  The  interpretation  of  the  correlated  changes,  however, 
requires  caution  and  the  establishment  of  such  a  relationship  under  the 
conditions  of  this  experiment  does  not  necessarily  justify  its  extension 
to  all  combinations  of  ambient  temperature  and 'relative  humidity.  JLfke- 
wise,  the  epidemiological  behavior  of  the  staphylococci  is  known  to  be 
variable  and  the  results  of  studies  made  on  one  group  of  individuals  in 
one  environment  do  not  have  universal  application. 

Although  the  results  of  this  investigation  do  not  permit  the  precise 
determination  of  the  mode  of  action  of  external  environmental  factors  in 
the  establishment  and  maintenance  of  the  staphylococcal  nasal  carrier 
state,  we  feel  that  the  confirmation  of  the  existence  of  external  environ¬ 
mental  influences  on  the  carrier  state  under  controlled  experimental 
conditions  is  important  in  the  ultimate  solution  of  the  staphylococcal 
problem. 

Further  studies  designed  to  elucidate  more  precisely  the  roles  of  tem¬ 
perature  and  humidity  on  the  staphylococcal  carrier  state  are  presently 
under  way  in  this  laboratory. 

V.  SUM  MART 

Studies  of  the  nasal  cultures  of  soldiers  undergoing  artificial  ac- 
acclimatisation  to  heat  indicated  that  external  environmental  factors. 


including  ambient  temperature  and  relative  humidity,  influence  the  es¬ 
tablishment  and  maintenance  of  the  staphylococcal  nasal  carrier  state. 
Significant  changes  in  the  composition  of  the  nasal  flora,  characterized 
by  an  increased  recovery  of  pathogenic  and  potential  pathogenic  staphylo¬ 
cocci,  were  observed  in  cultures  from  the  experimentally  acclimatized 
group.  The  number  of  all  types  of  staphylococcal  carriers  also  increas¬ 
ed  in  the  experimentally  acclimatized  group.  No  comparable  changes 
were  observed  among  cultures  or  carrier  fates  obtained  from  the  group 
of  soldiers  that  served  as  experimental  controls.  The  implications  of 
the  findings  are  discussed  in  relation  to  the  epidemiology  of  staphylococ¬ 
cal  wound  infections  among  members  of  modern,  highly  mobile  military 
organizations  subject  to  rapid  deployment  into  potentially  hostile  climatic 
environments. 
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RECOVERY  OF  STAPHYLOCOCCI  (PRIMARY  NASAL  CULTURES) 
CONTROL  Gfi  (COLO  ROOM) 


Fig.  2.  Recovery  of  two  types  of  staphylococci  from  the  primary  nasal  cultures  of  soldiers  ex¬ 
posed  to  an  ambient  temperature  of  65*F  with  46  per  cent  relative  humidity.  Values  are  plotted 
at  the  midpoints  of  the  exposure  periods.  Bottom  scale  shows  elapsed  time. 
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Bottom  scale  shows  elapsed  time. 
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Fig.  5.  Relationships  between  the  recovery  of  coagulase -positive  strains  of  staphylococci  from 
pigmented,  mannitol-positive  isolates,  ambient  temperature,  and  relative  humidity.  Values  are 
plotted  at  the  midpoints  of  the  exposure  period  during  the  initial  phase  of  the  laboratory  study. 
Bottom  scale  shows  elapsed  time. 


CARRIERS  OF  COAGULASE-POS.  STAINS  OF  STAPHYLOCOCCI 


TIME-OWS 


Fig.  6.  Changes  in  the  carrier  state  of  subjects  during  artificial 
acclimatization  to  heat.  Values  are  plotted  at  the  midpoints  of  the 
exposure  periods.  Bottom  scale  shows  elapsed  time. 


AU  J221-0-Armjr-Knox“Nov  61-475  1  9 


DISTRIBUTION  LIST  OF  USAMRL  REPORTS 
Project  No.  6X04*12*001  Env i r on*en t ol  physiology 
of  AGENCY  -  DEFENSE 

Cbpies 

10  Services  Technical  Information  Agency,  Arlington  Hall  Sta,  Arl ington  Nall*  Virginia 

AGENCY  *  US  ARMY 

J t  Aberdeen  Proving  Ground,  Director.  US  A  my  Ordnance  Hunan  Engineering  Laboratories. 

A fceraeen  P.oviny  Ground,  fairyland 

1  Ad  jurist  General.  Department  of  tK?  Afcy.  Washington  25,  D.  C. ,  Attn:  ACTL 
1  Arced  Forces  Institute  of  Rithology,  6825  16th  Street,  N.W. ,  Washington  2$.  D.  C. 

$  Army  Attache.  Box  79.  Navy  100,  fleet  Post  Office,  New  York.  Nee  York*  Attn:  Col  John 

C.  Cvessler*  Asst.  Amy  Attache 

1  Brooke  Amy  Medical  Center.  Physical  Medicine  Brunch.  H|s..  AMSS,  Fort  Ham  Houston.  Texas. 
Attn:  Capt.  Rachel  Anars 

1  Brooke  Arry  Medical  Center.  Coeirandanf ,  Army  Medical  Service  School,  Fort  Son  Houston. 
Texas.  Attn:  Pibiica  liens  Branch 

1  Brooke  General  Hospital.  Medical  Library.  Box  1.S1.  Fort  San  Houston,  Texas 

1  Brooke  Grneral  Hospital.  Radioisotope  Clinic.  Brooke  Amy  Medical  .Center,  Fort  San  Houston, 

Texas 

1  Chief  Cher  i  cal  Officer.  Pe  par  teen  t- of  the  Army.  Washington  25.  D«  C.  Attn:  CDCCnlO/SA 
1  Chief  of  Engineers,  IVpurtrent  of  tSe  Amy,  •Washington  25.  D.  C..  Attn:  i?*GfiD*SE 

1  Chief  of  Ordnance.  CfOT3.  Washington  25,  b.  C.,  Attn:  Res  £  Spec.  Proj .  Section 

1  Chief  of  life  Sciences  Division.  Office  of  Chief  Research  and  Development,  Boon  3D* 442. 

The  Pentagon.  Washington  25.  D,  C. 

1  Chief  Psycbiatiy  and  Necrology  Consultant.  Directorate  of  Professional  Service,  Office 
of  The  Surgeon  General,  Pepartrent  of  the  An.y,  Washington  25,  D.  C.  Attn:  MEDFD-N® 

3  Commanding  G^n^ral,  US  Army  Medical  Research  and  Development  Comirand.  Main  Navy  Building, 
Washington  25.  I>.  C. 

1  Cocranding  General.  I  Corps  Group,  AFO  354.  San  Francisco.  California,  Attn:  Surgeon 

1  Corrancing  General.  7th  logistical  Corrona.  APO  612,  Son  Francisco.  California,  Attn: 

Surgeon 

1  Commanding  General,  Eighth  United  States  Arry,  APO  301.  San  Francisco,  California, 

Attn:  Surgeon 

1  Corvwnding  General.  US  Arry.  Ka*aii  .  APO  957,  San  Frcncisco.  California,  Attn:  SurgeoV 

1  Cocnanding  General.  LS  Arry.  Japan,  APO  343,  San  Francisco.  California.  Attn:  Surgeon 

1  Corrandina  General.  US  Arry.  Ryukyu  Islands, IX  Corps.  APO  331.  San  Francisco,  California. 

Attn:  Surgeon 

1  Commander  in  Chief.  US  Army.  Pacific,  APO  958,  San  Francisco,  California,  Attn:  Surgeon 
1  Fitzsircns  General  Hospital.  Medical  Technical  Library,  Denver  30,  Colorado 

1  Fitzsinons  General  Hospital.  US  Amy  Medical  Research  and  Nutrition  Ixiboratory.  Denver 
30.  Colorado 

1  Lft terran  General  Hospital.  Medical  Library.  Presidio,  San  Francisco,  Taiifornia 
1  Vcdigan  General  Hospital.  Medical  Technical  Library.  Tacoma,  Washington 
1  Picatinny  Arsenal,  Commanding  Officer.  Dover.  New  Jersey,  Attn:  CRDB8-VS3 

1  Quarterns  ter  Food  and  Container  Institute,  Library  Branch.  181?  West ‘Pershing  Rood, 

Chicago  9,  Illinois 

1  Quartermaster  Research  and  Engineer  Field  Evaluation  Agency,  Commanding  Officer,  Fort 
Lee. Virginia.  Attn:  Technical  Library 

1  Quar tersest er  Research  and  Engineering  Center,  Cor  winding  General,  Natick,  Massachusetts, 
Attn:  Technical  Library 

1  Redstone  Arsenal,  Commander,  Redstone  Arsenal,  Alabama.  Attn:  CRDTW*HI 

1  Valley  Forge  Arry  Hospital.  Commanding  Officer.  Khoenixville.  Pennsylvania.  Attn: 

Librarian 

1  US  Arry.  Alaska.  APO  949.  Seattle  Washing* m,  Attn:  Chief  Sutgeon 

2  US  Army  Cherical  Center.  Director  of  Medical  Research,  Arry  Chemical  Center.  Maryland 


■* •  ***y *  *•»  y«n 
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IBlttf  OmIciI  Corps  Biological  Laboratories.  Tort  Dstrick.  Maryland,  Attn:  Librarian 

OS  Amy  Ownical  Rrsearch  and  Development  Laboratories.  Cornandinq  Officar,  Technical 
Library,  Building  230,  Arry  Chanical Cantor.  Maryland  Attn:  Librarian 

US  Amy  Coamnd  and  General  Staff  Collage,  Library  Saraicai  Branch  (Archive*)  Tart 
Lsaveneorth,  Kama* 

IS  Amy  fUspersary,  Springfield  Arnory,  Springfield,  Hassachssetts 

US  Aray  Engineer  Research  and  Dseelopeent  Icrkoratoriea,  Tort  Belvol r,  Virginia.  Attn: 
Technical  Decurents  Center 

US  Arry  Enviraeceittal  Hygiene  Agency,  Conrandlng  Officer,  Amy  Chanical  Center,  Wryland 

US  Aray  Europe,  Medical  Division  Plan*  and  Operation*  Branch,  APO  403.  N*»  York.  N.  Y. 

US  Aray  Europe,  Medical  Laboratory,  Department  of  Microbiology.  APO  140, VS  Forces, 

Nee  York,  Nee  York 

US  ,irny  Hospital,  Cerranding  Officer,  Tort  toe,  Virginia,  Attn:  Medical  Library 

US  Amy  Infantry  Koran  Petrarch  Unit,  Director  of  Research.  Post  Office,  Bon  7041, 
r*rl  Banning,  Georgia.  Attn:  Library 

US  Amy  Leadership.  Huron  Research  Unit,  Library,  felt  Office  Rot  747,  Presidle  of 
Monterey.  California 

fS  Aj-wy  Medical  Csmand.  tapun.  Medical  General  Lcboratory.  1400  AfO  343.  San  IVchciica. 
Californio,  Atta:  Colonel  Carl  F,  Tesmer,  Cornandlng 

19  Arry  Medical  Unison  Branch,  Office  at  th*  Chief  Surgeon,  Gorga*  Hospital.  Balboa 
Height*.  Canal  Zen* 

VS  Aray  Mediaal  Research  Unit.  Europe,  Oornandlng  Officer.  APO  140,  Ke*  Yorb,  Ne*  York 

VS  Arry  Medical  Research  Unit,  Comanding  .Officer,  fenana  Field,  Tert  Clayton.  Canal  Zoo* 

VS  Amy  yedical  Research  L'nlt,  Cerranding  Officer,  Tart  Detrick.  Maryland 

VS  Amy  yedical  Research  fait,  Corrar.ding  Officer.  Institute  far  Medical  Rematch, 

Kuala  Lurpur,  Malaya 

C®  Arry  Crdnar.ee  Arsenal,  rrankfora.  Philadelphia  37.  Pennsylvania.  Atta:  CPDBA-1734/ 
4VI.  Mr.  A.  Charles  Karr 

US  Amy  Ordnane*  Tir.k.Autoretlv*  Corn  trod.  Detroit  Arsenal,  Center  Line.  Michigan 

tVrrr  **,*a£?h  £,,ic*,.auf  •*  H**earch  ana  fev.lop-ent,  Dvparteent  of  th*  Amy, 
Vashingten  ZS.  D.  C.,  Attn:  Scientific  fnfomotlon  French 

VS  Arry  Signal  Pes^rrch  and  Develojrert  laboratory.  Office  of  the  Corranding  Officer. 

Fert  Mtnrsuth.  Ne.  Jersey.  Attn:  SICIM/AUT-E 

IS  Arry  Stanoirdirsticn  Gtoon,  Concda,  Senior  VS  Arry  Standardisation  Repiesentativ*. 

S'.  Vs  '?  r-"5*»r>  fita.a.  fhtoria.  Ganaw.  Atta;  Colonel  Joseph  R. 

ciair,  MC,  NVilcn  1  LtaUon  Ciflr#r 

IS  Arry  Transportation  Research  Cocrarur,  Tort  Euatis.  Virginia.  Attn:  Research 
nffiWIDCt  Cwlff 

US  Amy  Tropical  Research  Medical  laboratory.  APO  431.  Ne*  York.  Ne*  York 

VS  Cestinestal  Arry  Ctrrand,  Medical  Section,  Tort  Monroe,  Virginia 

loiter  Peed  Ar-y  Institute  of  Research,  rVi«ir*ren»  of  tto-ie  Casualties  Studies,  loltsir 
Peed  Arry  Medical  Research  Center,  Sashtngtoa  12.  D.  C, 

falter  Peed  Arry  Institute  of  Research,  Director,  faltar  Road  Arry  Medical  Coster, 

Poshing  ton  12.  D.  C 

Valter  Reed  Arry  Hospital,  Amy  Audiology  and  Speech  Castor,  rarest  Glen  Sect  lea, 
Isshingtea,  P.  C. 

Valter  Reed  Ar*y  Medical  Center,  VS  Arry  Vtdical  Service.  Historical  Unit,  Vsshlngtaa 
12.  0.  C.,  Attn:  General  Reference  and  Research  Branch 

Valter  Reed  Arry  Medical  Center.  US  Amy  Prosthetics  Research  Laboratory,  Coerandisa 
Officer,  Washington  12.  P.  C. 

AGENCY  •  U*  NAVY 

Burecu  of  Medicine  and  Surgery,  Ditertof.  Reseirih  Division.  Depart  rent  of  th*  Saif. 
Washington  2i,  D.C. 


US  Km  -  OKTWUED 


Me.  ef 

Capita 

2  Rrreau  el  Kara]  Vtapoaa  (DU  -311  Oeportaent  at  the  ihry.  fu»hi»gt*e  23.  D.  C. 

S  Sinai  of  Yard*  and  Dock*.  Departeeot  of  tH«  K«n,  Vaihiaqtaa  23,  D.  C..  Attm:  Coda 
0-440  . 

I  Bureau  el  Yard*  and  Deck*,  Department  af  the  Navy.  Washington  23.  D.  C..  Alta:  Cede 
&  440 

1  Chief  af  Naval  Air  Technical  Training.  (IS  Naval  Air  Station.  Menuhin  23.  Tennessee. 

Alta:  Staff  Medical  Officer 

1  Chief  ef  Naval  (deration*  Office.  OberatioM  evaluation  Creep,  ((MXCI  Drperteent  ef 
The  Navy,  *a*hlngton  23,  D,  C. 

I  Chief  ef  Naval  Air  Re*ere*  Training,  Staff  Medical  Officer.  US  Naval  Air  Station. 
CJenviee,  tllinoie 

1  Naval  Air  Material  Center,  Director,  Air  Cree  Equipment  Ldioratory.  ffcilodelphie  12. 
Pennsylvania 

t  Naval  Mdlcol  SeiMreh  Institute,  National  Naval  Medical  Center.  Technical  Reference 
library,  Bethetda  14.  Maryland 

I  Nival  Medical  Reiearrh  laboratory.  Technical  Library.  Code  Sill,  Ben  100.  Naval  Subnarine 
Beta,  Nee  London.  Connecticut 

t  Naval  Reieareh,  Coat  434,  D*partrent  ef  the  Navy.  Washington  23,  0.  C. 

1  Naval  Research,  Code  404,  Special  A**i*tant  for  Medical  and  Allied  Sclencea.  Deportneat 
af  the  Navy,  Washington  23,  D.  C. 

10  Naval  Research  Branch  Office,  Carranding  Officer.  Navy  100,  Bee  34.  rivet  Ant  Office. 

Ne*  fork.  Nee  York 

1  US  Naval  Air  DeveloLcenf  Center.  Similatlon  Branch.  AIL.  JohnavlUe,  IMiuuy leanie. 

Attn:  Dr.  3.  A.  Bradley 

1  IB  Naval  Air  tWvelepeent  Center.  Aeiatlan  Medical  Acceleration  Lakeretery.  Jeheeellle, 
FVnn*ylv«nia,  Attn:  Librarian 

1  US  Naval  Civil  Engineering  Laboratory.  Ca-randi  ng  Officer  and  01  rector  (Cad a  LSI) 

Pert  licensee,  California 

1  US  Naval  Medical  Neuropaychiatric  Research  ISlt,  San  Diego  32,  California 

2  US  Naval  Mieaile  Center,  Caevimder,  fh»lnt  Migu.  Gtllfornla,  Attn:  Technical  Library 

1  US  Naval  Medical  field  Re«earch  laboratory.  Corvnndlng  Officer.  Cdnp  Lejcune.  North 
Carolina,  Atto:  Librarian 

1  US  Naval  Medical  School,  Cormanding  Officer,  National  Naval  Medical  Center,  Be  the  Ida. 
Maryland 

1  US  Naval  Ordnance  Tett  Station.  Medical  Officer  (Code  441  Station  Kovpital,  Chine  lake. 
California 

t  US  Naval  Bidiclogical  Orfenee  laboratory.  Conrandlng  Officer  and  Director  1222).  Sae 
rrancitce  24,  California 

i  US  Naval  Keeearch  laboratory  (Coda  3120)  Washington  23,  D.  C. 

1  US  Naval  Keeearch  laboratory  (Code  2027)  Director,  Woshlngtoe  25.  D.  C, 

2  US  Naval  School  of  Aviation  Medicine  ,  Director.  US  Naval  Aviation  Medical  Center  •  34. 

Pensacola,  rierida 

I  US  Naval  Supply  Keeearch  and  Derelowient  facility.  Clothing  and  Tentile  Division,  3rd 
Aetnue  and  23th  Street,  Brooklyn  32.  Nee  York.  Attn:  library 
t  US  Naval  lea pone  Plant.  Esperlrsntal  Diving  Unit,  Sdehingtee  23.  D.  C. 

ACDfCY  -  AIR  rORCE 

1  Air  Tore*  night  Te»t  Center.  Hunan  rector*  Branch  (nlLH).  Edvard*  Air  fete  Bae. 
Califernie 

AIR  KESEAflCH  AND  DEvn.0PMfTfT  COMMAND 

1  Air  K»*»arch  and  Dsvelopoent  Cerrand,  (RCCBL)  Andree*  Air  Toree  Base.  WtuSlngteo  23. 

D.  C. 

2  Wright  Air  Developrent  Divi*lon.  BioAcoustr,  Branch,  Wright- ftrtternoe  Air  rorce  Boee. 

Chi*.  Attn:  MBDA 

1  fright  Air  Development  Dleieien,  US  Air  rorce.  *right-fh»tt#rson  Air  rorce  Boee.  Ohio. 

Attn i  flBDAS  (Library) 


no.  or  Ain  force  •  continued 

Cgple* 

1  krupou  Mini  LLbrjry.  fright  Air  D«»)<pMt  Division  IIViMS)  Inqkt-hlt«rm 
Air  Tore*  Do**.  Oiio 

I  Air  Tore*  foMni  anJ  Control  Develonnent  Division.  Operational  Application*  Office. 
ICO1 2!!)  bourenc*  C.  Ihinrcoe  Field.  Bedford.  tb««kut to 

1  Air  Fere*  Pi  rector  of  hirorch  and  Technology.  1*5  Air  Perce.  Kishlnqtoa  21,  D.  C. 

Attn;  AfUTT-H r 

1  Air  Training  Ceonand  (ATCSG-PI  Randolph  Kir  F*rco  Ban*.  Texas 

2  Arctic  Aerevedieal  laboratory.  Cberander.  4P0  731,  Seattle,  farhingtea.  Attn:  library 

1  Assistant  for  Ground  Safety,  DCS/P,  Headquarter*.  US  Air  Fore*.  Washington  2$.  D.  C. 

2  Brook*  Air  Tore#  School  of  Aviation  Vedicino.  (SWKTH-PI.  Brooke  Air  Forev  Base,  Toean 

3  Lnnqley  Rnrorrb  Center.  National  Aeronautic*  and  Space  Administration.  langiay  Field. 

Virginia.  Attn:  Librarian 

1  US  Air  Tore*  Aero* [-ace  Medical  Center.  IATO  1)8  Air  Farce  Hospital,  Lock land  Air  Force 
Bane,  T**a» 

7  ts  Arry  Air  Ctrfense  Coe  rand.  Coe rand  Burgeon,  Oil  Air  Fbrce  Base.  Celefodo  Spring*. 

Col erode 

1  VS  Air  Farce  Strategic  Air  Coe  rand .  Qffutr  Air  Force  Bane.  Neb rathe 

COVrflKVOiTAt  •  AGOfCtFS 

I  Araonna  National  Laboratory.  >700  South  Cene  Avoaue.  Argon  no.  lllinoin.  Attn: 
Heylande  D.  Young 

1  Central  Intelligence  Agency.  2430  Z.  Street.  N.I.,  fcehlnqto*  D.  C..  Attn:  1331  A  and 
S  (Gilding 

1  Chief  rwfenre  Atonic  Support  Agency,  Nishingtas  2'».  D.  C.  Attn:  Doru-ent  Library  Br 

I  Civil  Aeroeedieal  Rereorch  Intitule.  Federal  Aviation  Auency.  f%»t  Office  Pox  1042 

Oklnhoca  City.  Ciijahcea 

1  Library  of  Congrot*.  Science  and  Technology  Division.  furhingten  21.  D.  C..  Attn:  Dr. 

A.  J.  Jacobius 

I  National  Inrtitute  tf  Health.  Library.  Building  ID.  Soon  JN1I4.  Bethonda  14,  Maryland. 
Attn:  Arguisitien*  Section 

1  National  Library  ef  Medicine.  Washington  21.  D.  C..  Attn:  Acguisitiea  Section 

1  National  Inrtitute*  ef  Hralth.  Di*l*iaa  of  Research  Cra*t*.  Inforeatioo  Office.  But herd* 

14,  Maryland 

1  National  Research  Council.  Divirion  of  Medical  Sciencer.  Kedlcal  Records,  2101 
Coartitution  Avenue,  N.W.  Varhington  21,  D.  C. 

OTHER  ACENCIES 

1  Arctic  Health  R**earch  Center,  library.  Baa  NO.  Anchorage.  Aleak* 

2  Aero-Space  Pi  virion.  Chief,  Space  Medicine  Section,  Boeing  Airplane  Cor  pony.  Seattle  24. 

Wathinqtoa.  Attn:  Dr.  Porney  H.  Lo*ry  I  Poe  l>-2> 

1  Boeing  Airplane  Ceepany.  Ukrary,  Wichita  Divition.  Wichita  1.  Raisa* 

1  Boeing  Airplane  Ctepany.  Central  Medical  Library,  Bou  11-40  Port  Cl  lice  Fox  3707,  Seattle 
24,  (arhingtea 

I  Chrysler  Corporatiea,  Bo*  1114,  Engineering  Per  earth  Department  121.  Detroit  31.  Michigan 
Attn:  John  Verraro,  Erg  I  nearing  Pnychaloglnt 

1  Divition  ef  Radiological  Health  •  RSS  Dvpartreat  of  Health  Education  and  Cellar*.  Raea 
ltS9,  South  HE*  Building,  tarhington  21,  D.  C. 

1  Ford  Motor  Coepany,  Technical  tnforeation  Section.  Scientific  Lnberatery.  Pont  Office  Ban 
2013,  Dearborn,  Michigan 

1  General  Electric  Co-pony,  Advanced  Electronic  Center.  Cornell  Univernty,  Ithaca.  He* 

York.  Attn:  Library 

1  General  Electric  Cocpany.  Technical  Military  Planning  Operation.  731  State  St,  Santa 
Barbara.  California 

1  John  Crvrar  Librory,  44  Eort  Pandolph  Street,  Chicago  1,  lllinoin 

2  Kingr  County  Horpital,  Dvpartnent  nf  Aoertheriology,  Brooklyn,  No*  York.  Attn:  Dr.  S. 

V.  4*1  truer 


0TH3I  AGENCIES  •  COfTINCED 


LccVenen  Kcspital.  tiviiioa  of  Research,  Lancaster  and  City  Liu  Avecne.  Philadelphia  31. 
Pennsylvania 

Mayo  Clinic.  Xiceooeta.  Attn:  Dr.  Kenneth  K.  Ogle.  feet ion  tl  Biophysics 

Yerey  Hospital*  Anesthesia  Re  March  Laboratory.  Pit  tsburgh  19.  Transylvania 

Natio.nl  jUrorertici  and  Specs  Adrinistratioa.  1520  r*.  Street.  K.  V..  tc>Mvtoa  2S. 

D.  C..  Atta:  Bortrra  A.  Vulcahy.  Assistant  Director  for  Technical  In/orrotioo 
So ad  Corporation.  17C0  Jfain  Street,  Sente  Sor. ice.  California.  Attn:  Library 

Space  Technology  Laboratories.  Sicor.nl  t  tee  an  Noise.  327  Spitl  Aitraraao  Street.  Im 
Argeles  S7.  California 

Systecs  Pesr-arch  Center.  Lockheed  Electronic*  Co.-pony.  Post  Cffice  Bon  37.  Bsdsinster. 

Nee  Jersey.  Attn:  Nr.  Robert  E.  Acker 

.  Terkes  laboratories  cf  Prirate  Biology.  lncorparated.  Cringe  f%rk.  Florida,  Attn:  A. 

J.  Sicpelle 

yrrica  cruxnt/scuoa.  libraries  and  defap.tvents 


Alt. ay  V-arcal  College  Library.  Nee  Scot  lend  Avenue.  Albany  9.  Nee  York 
Eos -an  Cray,  Scl.ee]  of  Vedieine  Library,  fintten-Saler.  North  Carolina 
Prosn  University.  Prcsisenc*  12.  Rhsae  Island.  Attn;  Professor  Doris  A.  Higgs 
Srosr.  Ur  iters  ity.  Provlaence  12.  Rhode  Island,  Attn:  Prof.  Harold  Sch Iasi  erg.  Consultant 
College  of  Veaical  Evangelists.  kbit*  Ve-orlcl  Yedieuj  I_brsry.  1720  -Brooklyn  Avenue, 
las  Angelec  3).  California 

College  ef  Veiinl  Evangelists.  Vernier  feacliffe  V.- trial  Library.  Lo-tj  Lioai.  California 

College  of  Prysictans  ef  Philadelphia,  Library.  1®  South  22i«  Street.  Philocelphia  9, 
Pennsylvania 

Per rrbia  University.  leg  art  rent  of  Psychology.  Nee  York  27.  Ne*  York.  Attn:  Dr.  C.  H. 
Cron  or 

Colu-hii  ftiwrtitj  Vedievl  library.  f’O  eeat  lfidth  Street.  Ne*  York  32.  Nee  York 
Csrr.ell  Vsivcrsity  Ytdieal  College  Library.  1300  York  Aveiue.  Nes  York  V  .  Ne*  York 
Creigbtcr.  University.  Yedical-Fnarnacy  Library.  lU  I>xvenyoit.  Ckaba  2.  r  us  «a 

lartncuth  Caiieje  Vedicol  Library.  Taker  Bui  lolr.g.  Har.erer,  Ne*  Ha-p*hlre 
Entry  University.  IVpertoent  of  Psychology,  .Atlanta  22.  jeargia.  Attn:  Sr.  Tori  A. 
.Aliuiei 

TUrraa  Strte  University.  T-pcrtrtnt  Psychology.  Tallabctaee,  rioriSa.  Attn:  Dr.  fn. 

I.  lanon 


3eerae  *5snln;ter.  University.  Hu-rn  Rvsaurces  Fvse-rch  Cl  floe.  P.0.  To*  3  SIS.  Pashingtoe 
7.  D.  C..  Attn:  Library 

Hsrvara  Yea lc-al  Library.  23  Shattuck  Street.  Ponca  IS.  ttoseaehcaetts,  Attn:  Librarian 
Harvard  School  ef  fVblie  Health,  fhrpartrent  of  IpiSeniology.  1  Shattuck  Straet.  Poston 
IS.  Nassscbjietts 

Incline  l'niv*ralty.  regartr*nt  of  Psychology.  Ploorirrgton,  lodiana.  .Attn:  Dr.  R.  C.  Davis 

Indiana  University  Vedical  Cvr.ter.  Scb.ool  of  Vvcicine  library.  1100  lest  Viei.igan  Street. 
Ir.cian.  palio  7.  Indiana.  Attn:  Librarian 

Indiana  University  Yedicsl  Center.  UOO  best  Vichigan  Street.  Indianapolis.  Inal  ana. 

Attn:  It.  Harris  B.  Stcsckvf,  Jr.,  Ptcf.  of  Surgery 
Indians  University.  Anrtery-Fh.yslology  tVpartrent.  Biocr-’sgton.  Irciono.  Attn:  Dr.  Sid 
Rcb  ins  as 

’offer tor  "ediesl  College  library.  IRS  k'slmrt  Street.  Pb.lladelpb.lo  7.  Pennsylvania 
Jafr*  Htpeir*  University.  **lcb.  Yedicsl  Library.  HOOT.  Uoaunent  Street.  Bsltiror*  •. 
Yaryldnc.  Attn:  Librdrisn 

Kansas  "river  si  ty.  legsrrtrent  of  Psychology,  hbnhsttan.  Kansas.  Atta:  TY.  tllliao 

Sevan.  O.airrao 

trgtette  Vniversrty.  Yedical  Tfental  Library,  S00  North  14th  Street.  Vileavbve  3,  'i  scons  is 
Attn:  Librarian 

•Vaieal  Ccliej*  of  Virginia,  To-pkins -YcCas  Library,  Bichaord  19.  Virginia 
Attn:  Librarian 
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1  Ke»  York  Xcocevy  of  Veiicine.  Library.  2  East  !03rc  ftntt  N««  York  29.  No*  York 

1  Sea  York  Univereitv.  College  of  Engineering.  Research  Mvision.  2S2  Seventh  Avenue, 

Sn  York  1.  Nn  York.  Attn:  Aseoriate  i»sj«t  Ci  rector 

1  fat  York  University  Yecicol  Center.  Feaical  Library.  555  first  Avenue.  N*«  York  Id. 

Nat  York 

1  NortWstern  Universitv.  rygertoent  of  rSrchelogy.  Evanston.  Illinois.  Atu:  iilliam 
A.  Hoot 

1  Korthvestern  University  tVairai  School.  Archibald  O.ureh  lit rary.  303  E.  Chicago  Avenue. 
Chicago  II.  Illinois.  Attn:  Librarian 

1  Olio  State  t'niverri  ■».  Tie  Ctrinl  Attracts  Service.  Colurtus  10.  Ohio 

1  Ohio  State  Vtiiversitv.  »ese?rek  Center.  rsychslisguistico  Ldoratory.  1314  Kiwi  ear  flood. 
Colurkus  1.*.  Ciio 

1  Olio  State  University.  Tiger  library.  Sehcel  of  Cg-irretry .  335  test  10th  Avenue. 

Colu-i-u*  10.  Cr.ro 

.  1  Push  Yedicul  College  Library.  275d  »-st  Hertisus  S'feet.  Cticrjo  1J.  Illinois 
1  Stanford  I'niversity.  lane  Y-cical  Lit  rare.  Jit  Pasteur  Hand.  Falo  Alto,  California 
1  Stanford  I'niversity.  JVfOTt'eat  tf  Fbynitlogy.  Stanford.  California.  Afto:  J.  f. 
Crisoon.  V.  I'. 

1  St.  Louis  I'niversity.  "Vaical  School  library.  1412  South  Cror.a  Ties.  St.  Louis  4.  Vo. 

2  State  t'niveriity  of  Idea.  College  of  ts-eirine  Lihrery.  Vesical  Laboratories  fhiilaing. 

Io»a  City.  lo»a 

1  State  University  cf  %e*  Yerr.  Iwsi:::*  v«iiral  'enter,  fetarteent  of  Anesthesiology. 

450  CJarr.scn  Aver.ue.  rrocelyn  3.  Ne»  f:t« 

1  State  Cniversitv  of  Ne«  Yrrk.  Toer.etate  *Vs3ccl  Cer.ter.  Yeaical  Library.  450  Clarkson 
Avenue,  Wocslvn  ?.  ?.ee  York.  Attn:  Libic-'isn 
1  Tears  Yeeicol  Center  Library.  >ssv  Jtr.es  a.itrsry  Building.  Houston  25.  Texas 
1  Tufts  tV.iversi ty  Institute  ilr  Aifliea  Dtieti-eatal  Fsyohtlogy.  Veefore.  .Vassachusetts 

I  Tu’ane  Universitv  Srbael  cf  Veaicaee.  14?  3  Tul.ne  Avenue.  Nee  Crier  re  12.  Louisiana. 
Attn:  lr.  G.  E.  Surer..  PrcJesser  of  tVririnv 

•  1  Vanderbilt  I'niversity  School  of  hVi.cige.  Nashville  3.  Tenneitee.  Attn:  t’r.  George  R. 
Yeneely.  firectcr.  Pasicisctcge  Center 

1  Test  Virginia  I'niversity,  Veainsl  Center  library.  Ytrgrntcsn.  Test  Virginia 
1  I’niversity  of  Si-dorr,  1?15  Seventh  Av-owe  ica-th,  rirrinch.ar  3.  AJdara 
1  I'niversity  of  Arkansas.  Vesjcal  Center  Ltnrrry.  4?3!  Vest  Yarkhar.  Uttle  Sack.  Arkansas 
1  I'niversity  of  Buffalo,  HeaJ'h  Sciences  library,  KHzls  14.  Nes  Ytrk.  Attn:  Librarian 

1  I'niversity  of  fhjffrls.  legcrtTent  of  Fsyrr.rlogy.  5V.ffrla  14.  See  Y'crk 

2  I'niversity  of  California  Veoical  Center.  Biscedieal  Library.  Los  Angeles  24.  California 
1  I'niversity  of  Galifcrcii  1331  South  45th  Street.  Bichatae  4.  California.  Attn:  Civil 

Itrfense  Heiearcn  fkoject 

1  I'niversity  of  C.irago.  V.S.  Sir  Tores  fbsistion  Ldc-rrftrv.  930  59th  Street.  Chicago 
37.  Illinois  * 

1  I'niversity  of  Cits-tnrrtt.  Ye t ten r-g  Lieratcrv.  lien  ena  Retheiaa  Avenues,  Cincinnati 

19.  Oiio 

1  I'niversity  of  riortsa.  College  of  feiina*.  roi-ortrett  sf  Rvsiology.  'iinsville.  Florida 

Attn:  fy.  Yelvio  J.  Tregly 

2  I'niversity  of  Illinois,  Aero? enrol  Inierotrry.  343  5.  Ssoa  Street.  Chicago  12,  Illinois 
1  University  of  Illinois,  Trrinta;  Beserrof:  Lcieratorv.  Te^irteent  of  Psychology  45 

Lincoln  Hall.  Vricsa.  Illinois.  Attn:  Lmrence  *.  Steluree 

1  University  of  Illinois.  txre:is  fivision  Library.  Urionj.  Illinois 
1  University  of  Parsis  Yeoiool  Cetter.  Clenieniag  Veciiol  Liirory,  Fansss  City  12.  Kansas 

3  Unieersity  of  Louisville.  Pesos!  cf  Vedicioe  Liitory,  131  *.  Chestnut  Street,  t/nilsvllls 

2.  Kentucky 

1  University  cf  *V;ry!sr;.  PVslth  Sciences  Liircry.  Serials  IViortoert.  Ill  South  Greene 
Street,  -Vilti-ot"  1.  taylaij 

1  University  of  Virhigan,  Serials  sad  Fee ureots  fectics.  General  Library.  Ann  Arbor. 
Vichigao 


So.  of  M3ICAL  rCLlfiGE-SCJiCCL  LIBEA3H5  AND  tCTARTVIXn.  -  CCNtD.X'ED  * 

Coeios 

1  Vrieereity  if  y.iaesotn  Library.  Serials  Dir  ia ion.  “innecrpoj  im  14.  Minnesota 

1  rdrerrity  of  *iuxri.  JVf.csl  b:i:rr,  Boer  7210  JVeical  Sciences  Building.  Colurfcia. 
Missouri 

1  rsiwrtiw  ef  Vi ra.::.  College  of  Veeieino  library.  4?nd  ua  Deoey  Atwm,  deal  a  S. 
Nebraska 

1  rriwitiir  of  Xcrtb  Caroli*.  riroiicn  ef  Beelth  Affairs  Library.  North  Carolina, 
filial  Hospital.  C^ri  Kill.  North  Carolina 

1  lt.i«rsity  of  Xtrtn  Carolina.  r».cr:r*r.t  ef  hVsicine.  ri.raioJocy  end  Cnrlr  omental 
*Kic.>,  Chapel  Hill.  N'orti  Caroline.  Altar  Dr.  Bicaard  1_ Dobson 

1  Csiwrtity  ef  Xsrti  Cbrilino.  le/crtrent  ef  Physiology.  School  of  Models*.  Chapol  Mill. 
North  Carolina.  1:.»:  A.  7.  Miller.  Jr.  .  * 

1  frivfriirv  ef  irittiri  !"»iir:l  ftsr«  library.  AH  X.  f.  Ilia  Strtrt,  Celahcoo  City  4. 

Cel  same 

1  IdroraitT  of  Oregon.  Metical  Scbt-al  library.  Port  lent  1.  CVejsn.  Attn:  Librarian 
1  Tr.ieersity  of  Tittsrarab.  Tale  Library,  of  Cio  ”«e!tb  Prafessiaar.  Fittibur;!,  Pa 
1  Vrjrerrity  ef  rirtsrsrgh.  Crafuat-  Sriarl  si  Pbillc  Health.  Pittsburgh  13.  Pennsylrania 

1  tbir.ru rv  rf  homester.  Atreic  “*»r ,y  ?ro;e<rt.  Technical  Befe.  t  Control  Voit.  P.0.  Pear 
It*.  Strti*  3.  bociort-r  IC.  Ne»  Ytrr 

1  Caireriitr  tf  1  :.r-:o-»r.r.  Seferl  ri  r«tmir,  !t'C  Cxittor<ion  ae.lerird.  Boebester.  No* 
lur.  Attn:  ’r*i  A.  lokoote 

1  Vzirerrity  rf  “oebeiter.  Strong  Jererial  KtigitaJ.  It'C  Crittcesen  Bralarara.  Bochoster. 

Nr«  Tore  Attx:  Tr.  for* to  L.  fearre.  Trrf.  ef  i.r;*n 
3  *"tt»r:ritT  ef  5t»  t1--*  California.  arr.otl  cf  '.Vsiein*  Litrarv.  3C35  2tmrl  Arrsuo.  los 
■Angel-s  3?.  "oi if  oma.  Sttst  i r .  Vj>a  Praetor 
1  rsinnitr  rf  5 rath  icr:’ 3.  •.Vsiral  Lirrsry.  V.rri  1  lira.  Sctlb  Von 
1  I'aiversit*  rf  ie-e.  ef  Merieis*.  fiiriaal  rbyaielajy.  Irstitute  of  Clinical 

Inrestiganis.  >'?  5ratb  .vtitr.  V.-; -i»  3.  Tennessee 
1  Vrirersiti  rf  T.nn«..  tVaiesi  Vairr.  Mersey  rererial  Library.  S3  Bautb  !>.r,Jap.  V-pbis 
3  Tenrtise*.  Attn:  lirrtrias 

1  Vriremte  rf  Crrmf".  I»:  ai  treat  ef  Barter  iology.  rnsceslle.  TtUMm,  Attn:  Dr. 

D.  ."rote  fir.' trot 

i  Vn*»r*:tv  ef  Tesrerree.  r.:-rrtr.t:  ef  titrrlielejr.  4S»  raiiea  Arenoe.  Knoxville. 
Totiinl*.  Attn-  :r.  Bay  C. 


rtfirttv.  ?e0  Cr i tt.r.t.r,  ao.leears.  Bocbester.  Nor 


rslarara.  Bocbester. 


librarian 


"sittrri-y  ef  Trte*.  »>r:.-r;  ,-rrr.rr.  Inrrsry.  jdvestm.  ..in.  Attn:  Librarian 
Vdeorrity  ef  Vrrr.  Vosrcsl  Libriry.  Belt  !r»  City  13.  ftac 

Tzireraity  tr  Vjra.ria.  rryrheiwicrl  Irbrrstary.  Toraoey  Hall.  Charlottesville.  Virginia 
Vsiroraity  tf  -*r:r:,  College  tf  'Vririro  library.  PurSiajtos.  ’.'errant 

Vairor.itT  tf  in'-iratar.  Hedtb  Sci»sr»r  library,  Sontt’o  S.  ifiab.ireton.  Attn:  Librcriaa 
Vmroraity  :f  lur.uit.  tvrical  Scberl  library,  fid  I  ?3aj.  N.  darter  St.  **rai«oa  f.  Vis 
Tdroraity  rf  •iirrair.  r»jt-hal»;ical  Abxtrocta.  tlCt.  prri  Stroot,  Vaelaon  4.  lit 

rcr-ncs 


1  rritiib  'rrr  itsff  Cffieo.  Airy  Notierl  Litiroa  Cffieor.  Sonjasie  rranlrlln  Staticn.  Peat 

rfiico  Bci  lib.  Aar.-iagtes.  t.  C-.  Attt:  F.  F.  Cilia.  Suryooa  Captain.  Hcj-al  Nary 

1  “ritirb  Acer  •Vrrral  liaiata  Cffieor.  3riti»b  Arry  Staff.  Fritiab  Entcaay.  Isobington  f. 

3,  C,.  A t tr :  Celrnol  Poia 

II  Caaraias  Liaiare  *ffocr.  Cfflr*  sf  7-o  S.raort  Srnoral.  V£  Aray.  Boae  1709A.  Vaia  Nory 
roilaia;.  Asat.ajttn  R.  1.  C..  Attn:  ?.  1.  f.  Frcaaocn 

5  to-fooro  ?*»»rrtn  “error.  Cirrrits  "tirt  Staff.  7433  htr»*ac?.u*ott»  Aronuo  X.*.. 
laij;i5t  i.  i  .  C. 

1  Vr-rn  Vilitary  Attatro.  Vitrr  for-rsl  Vitirtry  ef  loforao.  Faabincton.  D.  C. 

1  eo  Vm-  ri»ialt-;:c:*.  Ar.  3ral.  Ficr.a  315.  Ventoriaoo.  I'mjoiy.  Attn: 

•i  :tn:r  It.  >o:::i .  Tirortrr 

1  ..nr r  i r_* 1 1 •  - : . t .  T.pertr*r.t  ol  Hortrlopy.  Storitbnlr  to.  S.oson.  Attn:  Dr.  Jan 

•♦roail 

1  Lrro?st:;ro  so  fdrsiotir  ot  Tb«r rjo-.riyoo  Oer.rrsloa.  21  pralortro  co  la  Constitotion. 
liojo.  afljisr.  Attn:  f  ft  ferret  r  Z.  v.  *q 


Ho.  af  FCREICS  •  CWnXCEB 

Cof; e» 

1  QiJrri  rnirersirr.  reportreot  of  Hums  fasten.  Sooti  ftiifi  Boad.  Oxford  England.  It  to: 
Vr.  A.  B.  Lind 

1  Office  of  Tie  touted  States  Arrr  Attache.  faerieati  The  Foreign  Set-rice*  ot  The 

Cai ted  State*  of  faerie a.  Lonsoo,  En-lsod.  itn:  Assistant  Arsy  Attoche  !“ecicai) 

1  Bays!  Society  of  Veoicinr  Library.  1.  lirpcle  Street,  London  >.l..  England 

1  feitertita  Si  Fisa.  Institute  of  ^ysiology.  Piss.  Italy.  Attn:  Professor  Gissspps 

Iterati, 

2  Utieersity  of  Woterr  Cetsrio.  Deperternt  of  Bicuhysics.  SeiicaJ  School.  South  Street. 

Lencan.  Color i r.  Ooooa.  Attn:  Dr.  Allen  C:  Button 

1  Exirersity  of  testers  fVtario.  iVdicnl  School.  Depdrtoert  of  physiology.  London.  Ontario. 
Canada.  Vt ':  Professor  J.  A.  F. Sreeetsoo 


